It is proposed that the biosynthesis of the sesquiterpene valerenadiene, a key intermediate in the biosynthesis of a sedative in valerian, involves cyclopropane and not cyclobutane intermediates and includes as a key step a cyclopropylcarbinylcation-cyclopropylcarbinylcation rearrangement analogous to the one observed in the conversion of presqualene to squalene in triterpene and steroid biosynthesis. Similar mechanisms are proposed for the biosynthesis of the related sesquiterpenes pacifigorgiol, tamariscene and (+)-pacifigorgia-1,10-diene.
The roots of Valeriana officinalis provide an extract called valerian used widely as a sedative. This activity is due partly to valerenic acid (1) , believed to be biosynthesized by oxidation of valerenadiene (2) . Yeo et al. [1] recently studied the biosynthesis of valerenadiene (2) from [1-13 C]-acetate in valerian roots. No intermediates between farnesyl pyrophosphate (FPP 3) and valerenadiene (2) were observed. They proposed the three possible mechanisms in Scheme 1, consistent with the surprising finding that the two carbon atoms of the double bond in the side chain of valerenadiene (2) both come from carbons 1 of acetic acids. Another mechanism was recently proposed by Pyle et al. [2] in which valerenadiene (2) is formed from the second cyclic intermediate 6 in Scheme 2; however, it is ruled out by the 13 C labeling pattern observed by Yeo et al [1] . We suggest a new biosynthetic route (Scheme 2) from FPP (3) to valerenadiene (2) which fits the unusual 13 C labeling pattern found, is consistent with other sesquiterpenes found in valerian, and avoids the previously † Dedicated to the memory of Prof. S. C. Bhattacharyya.
Scheme 2:
A cyclopropane route to valerenadiene (2) . Atom numbering is from FPP 3.
Scheme 3:
Biosynthesis of tamariscene (9), pacifigorgiol (10) and (+)-pacifigorgia-1,10-diene (11) from bicyclogermacrene (7). (2), which fits the 13 C labeling pattern found in valerenadiene (2) formed from [1-13 C]-acetate [1] . This biosynthesis, like those in Scheme 1, involves one neutral intermediate: bicyclogermacrene (7), found in valerian [3] .
A key reaction in Scheme 3 is a cyclopropylcarbinylcationcyclopropylcarbinylcation rearrangement (CCR), analogous to a key reaction in the biosynthesis of squalene from presqualene [4] .
Yeo et al. proposed the neutral intermediate 4 (Scheme 1), common to all three of their paths, but which has not been reported previously and appears strained in molecular models. Our proposed neutral intermediate bicyclogermacrene (7) has been found in Valeriana officianalis. All 7 sesquiterpenes shown in Scheme 2 have been reported from V. officinalis [3, 5] . It was noted earlier that -gurjunene (8) might be closely related to valerenadiene (2) [6] ; Scheme 2 suggests that this is the case. Bicyclogermacrene (7) may also be an intermediate in the biosynthesis of a related set of sesquiterpenes with different stereochemistry found in V. officinalis, including tamariscene (9), pacifigorgiol (10) and (+)-pacifigorgia-1,10-diene (11), as shown in Scheme 3 [3] . We propose that a key reaction is again a cyclopropylcarbinylcation-cyclopropylcarbinylcation rearrangement, this time with a different stereoisomer.
